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I. INTRODUCTION

A. Nature of the Problem

Several soldiers in the U.S. Army have wounds containing depleted uranium

(DU)-containing shrapnel. The risks associated with long-term exposure to DU-containing

shrapnel in wounds are generally thought to be low, but are not known with precision. There

is concern that DU, because of its radioactivity, may be more hazardous than other shrapnel.

Several soldiers who participated in Operation Desert Storm were wounded

while in Bradley armored personnel carriers that were hit directly by armor-penetrating

projectiles containing DU. Medical examination of these soldiers revealed elevated levels of

uranium (U) in the urine at 1 year after exposure in two subjects, and shrapnel fragments

visualized radiographically in at least one subject, documenting that measurable U is present

in vivo. About 22 soldiers potentially bearing DU have been identified and are being

followed to determine U excretion and possible biological effects (AFRRI, 1993). These data

indicate that humans are being chronically exposed to U in both insoluble forms as DU

fragments and soluble forms as dissolving U.

Quantitation of risk from exposure to U, particularly in the form of embedded

fragments, is complex and involves both chemical and radiological components, as well as

possible foreign-body effects. Because of the unique features of these exposures, it is not

currently possible to reasonably predict the long-term risks to these soldiers from their

U-bearing wounds. Such predictions are necessary, however, to guide the medical

management of soldiers with U-bearing wounds both now and in the future.
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To assess more confidently the carcinogenic risks associated with long-term

exposure to DU-containing shrapnel in wounds, the following tasks are being addressed in

this project:

* The carcinogenicity of radioactive DU fragments in tissues relative to

nonradioactive foreign-body fragments is being determined.

* Urine and kidney concentrations of U are being correlated with time after

implantation of DU fragments.

B. Background of Previous Work

What do we know about the carcinogenicity of embedded fragments, either

radioactive or nonradioactive?

Human data: There are very few situations involving people where cancer has

resulted from radioactive fragments embedded in the tissues. Scar formation with central

liquefactive necrosis has been reported in association with intradermal plutonium metal

deposits in plutonium machinists (Lushbaugh et al., 1967). The late effects of these deposits

are not known, however, because excision of the deposited material was the treatment of

choice in these accident cases.

Thorotrast, an X-ray contrast medium containing radioactive 232Th as colloidal

thorium dioxide, is known to cause tumors in the soft tissues of humans (Dahlgren, 1967).

Inadvertent perivascular injection of this material results in the local formation of fibrous

tissue (Thorotrast granulomas) in as many as 10% of the patients. In one study with

incidence data, one metastasizing soft tissue sarcoma developed 30 years after injection in

142 patients with Thorotrast granulomas (Liebermann et al., 1995).
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The incidence of cancer associated with nonradioactive fragments or foreign

bodies in the tissues is important information because of the lack of data on radioactive

fragments. There are no epidemiologic studies and only a few case reports of foreign-body

carcinogenesis in humans, however, which indicates that the overall incidence must be low.

Recent case reports and a literature review (Jennings et al., 1988; Lindeman et al., 1990)

showed only 40 cases of sarcoma associated with metallic foreign bodies, such as shrapnel, or

metallic implants, such as protheses. Another review notes that the risk of implanted medical

devices must be very low because only about two foreign-body neoplasms are reported per

year (Brand, 1994). A risk assessment of the cancers associated with implanted protheses

concluded that the risk must be small because the incidence of these cancers was low in the

face of an increasing usage of such protheses (Brand and Brand, 1980). The assessment also

included failed attempts to isolate "precancerous" cells from tissues around the implants using

cellular culture techniques, similar to those used in studies of foreign-body carcinogenesis in

rodents.

Animal studies: In contrast to humans, foreign-body tumors have been

frequently induced in rats (Nothdurft, 1956) and mice (Brand et al., 1975). The development

of sarcomas near the site of subcutaneous implantation of metal or polymer films in rodents is

a well-described experimental result (Bischoff and Bryson, 1964; Brand et al., 1975).

Foreign-body carcinogenesis appears dependent on a specific sequence of four events: 1)

cellular infiltration and proliferation during the acute reaction, 2) fibrosis of the tissue capsule

surrounding the foreign body, 3) quiescence of the tissue reaction, and 4) clonal expansion of

preneoplastic cells with direct contact on the foreign body.
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The physical shape and characteristics of the implant, not the chemical

reactivity, appear to be essential for tumor induction. Smooth-surfaced films, with a

relatively large area, induce tumors with a high efficiency, while the same films minced into

small fragments, but with the same surface area, have significantly reduced tumorigenicity

(Brand et al., 1975). The presence of the foreign body is essential only during the first

months of the latent period. Recent work has shown that implantation of foreign bodies after

injection of ethyl nitrosourea or after whole-body gamma irradiation also leads to increased

sarcoma development (Moizhess and Vasiliev, 1989). Thus, foreign bodies with less than the

critical surface area for carcinogenesis may act as promoters of subcutaneous carcinogenesis

initiated by other agents, including radiation.

Thorotrast causes tumors in laboratory rodents, including tumors of the soft

tissues (Bauer, 1948 as cited in Liebermann et al., 1995). For example, 29 of 54 Chinese

hamsters injected intravenously with a relatively high dose of Thorotrast (> 0.4 Bq/g)

developed fibrosarcomas from perivascular leakage of some injections (Guilmette et al.,

1989). Plutonium fragments have been injected into the footpads of dogs to simulate the

plutonium-contaminated wounds of plutonium machinists (Dagle et al., 1984). The plutonium

was translocated to the local lymph nodes where it caused fibrosis but no tumors.

The available literature provides little guidance for directly evaluating the

carcinogenicity of DU fragments in soft tissues. Based on the cancer incidence data from

people with nonradioactive foreign bodies, DU fragments do not appear to present a

significant risk for causing cancer. However, there are indications from the foreign-body

carcinogenesis studies in rodents and from the human experience with Thorotrast that

radioactive foreign bodies may be more carcinogenic than nonradioactive foreign bodies.
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What do we know about the renal toxicity of uranium?

Human data: Uranium protection standards for humans are based on the

chemical nephrotoxicity of U (Voegtlin and Hodge, 1949, 1953; Tannenbaum, 1951). The

basis for these standards was extensively reviewed in 1973 (Hodge, 1973; Spoor and Hursh,

1973). A critical level of U, at which renal damage could be expected, was defined as a peak

concentration of 3 jig/g kidney, a judgement based on the best data available at the time.

Subsequent experience indicates that adherence to the present limits for exposure to U, which

are based on this critical level, appears to provide adequate protection against U

nephrotoxicity (Spoor and Hursh, 1973). For example, a recent study of 31 workers exposed

acutely to an accidental release of U hexaflouride resulted in renal U concentrations of 0.05

to 2.5 jtg U/g kidney, but no workers had evidence of renal damage (Fisher et al., 1990).

However, another recent study of renal function in healthy U mill workers has shown a slight

increase in urinary amino acids and proteins, indicative of reduced proximal renal tubular

resorption (Thun et al., 1985). These changes are consistent with nephrotoxicity and are

found in workers with the highest potential for chronic exposure to soluble U. These findings

raise concern for the possible renal toxicity of chronic low-level exposure to U.

Animal studies: The renal toxicity of U has been extensively studied in

animals, particularly in rats (Haley, 1982; Haley et al., 1982; Diamond et al., 1987; Morrow

et al., 1982) and dogs (Morrow et al., 1982; Eidson et al., 1985). Dogs appear more

susceptible to nephrotoxicity than humans and less susceptible than rats (Morrow et al.,

1982). A single injection of uranyl nitrate is a classic method for producing renal damage

(Diamond, 1989). Necrosis of the terminal segments of the proximal renal tubule is

characteristic for all species. At 1 month after a single exposure in rats, there is a thinning of
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the proximal tubular epithelium, the result of regeneration of the necrotic epithelium (Haley,

1982). Studies of rats repeatedly injected with U have shown that renal lesions are first seen

when the renal U burden is between 0.7 and 1.4 gg/g and are most severe when the burdens

are 3.4-5.6 gg/g. Repair is rapid; within 35 days the epithelium is normal (Diamond et al.,

1987). Studies of rats with constant 14-day perfusion of U (with osmotic pumps) have shown

that renal toxicity is detected at renal U burdens of 1-2 Jtg/g (Himmelstein, 1992). These

results and others in humans (Thun et al., 1985) have suggested that existing data on U

nephrotoxicity should be reevaluated, particularly for chronic exposures (Leggett, 1989;

Foulkes, 1990).

C. Purpose of Present Work

In this project, we are determining the risk of long-term DU-containing

shrapnel in wounds. Two hypotheses have been formulated.

1. Chronic low-level irradiation of tissues surrounding embedded

fragments containing DU will increase the carcinogenic potency of

the metal fragments.

The objective of testing this hypothesis is to determine the hazard of

radioactive fragments relative to nonradioactive fragments so that informed judgements can be

made about the clinical management of veterans with DU fragments embedded in their soft

tissues.
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2. The urinary concentrations of U are directly correlated with the

renal concentrations of U and will reach a steady state after

subcutaneous implantation of DU fragments.

The objective of testing this hypothesis is to determine if the renal

concentration of U reaches a steady state so that informed judgements can be made about

clinical management of veterans who are chronically excreting U in their urine because of the

slow dissolution of DU fragments embedded in their tissues.

Based on the information from these hypotheses, we will estimate the risks for

DU-containing shrapnel in wounds.

II. BODY OF REPORT

A. Experimental Methods

1. Relative Carcinogenicity of DU Fragments

The specific aim of this study is to determine experimentally the

relative carcinogenicity of radioactive DU and a nonradioactive inert metal. This relative

carcinogenicity in rats will be used in a ratio so that the carcinogenicity of DU in humans can

be estimated using the following relationship:

{ DU toxicity/inert metal toxicity }rat '{ DU toxicity/inert metal toxicity } human

This approach is similar to the toxicity ratio method previously

described to compare the risk of radiation-induced bone cancer in dogs and humans (Mays

et al., 1986) and mice and humans (Finkel and Biskis, 1968). The information for inert metal

toxicity in humans is foreign-body carcinogenesis data related to metals used for implants,

stainless steel (SS), shrapnel, etc., (Brand and Brand, 1980; Brand, 1994; Galante et al.,
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1991). Thorotrast is the positive control for radioactive material in rats. The responses in

rats will be related to carcinogenic responses in humans exposed to Thorotrast deposited in

subcutaneous locations (Liebermann et al., 1995).

To experimentally determine the relative carcinogenicity, we are

employing an experimental model of foreign body carcinogenesis that uses foils implanted in

the subcutis of rodents. This model has been well characterized (Brand et al., 1975), and the

yield of subcutaneous sarcomas is related to the size, shape, chemical properties, and physical

properties of the implant, and the genetic background, sex, and age of the host animal. We

are taking advantage of the observations that films of plastics and metals larger than 5 mm

square will cause subcutaneous neoplasms, but smaller films will not (O'Gara and Brown,

1967; Alexander and Homing, 1959). We will determine if the radioactivity of DU foils will

increase the carcinogenicity of the larger foils or make smaller foils carcinogenic relative to

the carcinogenicity of nonradioactive inert metal foils of similar sizes.

It is well known that rodents are much more sensitive to foreign-body

carcinogenesis than humans (Furst, 1981). Thus, the direct test of carcinogenicity is rigorous

and should not yield a false-negative result. On the other hand, a positive result cannot be

extrapolated directly to the human situation, only the relative effect. To emphasize this point,

a group of Thorotrast-implanted rats serve as a positive control group whose results can be

compared directly to the sarcoma incidence of human patients with perivascular deposits of

Thorotrast (Liebermann et al., 1995). Rats with surgical manipulations similar to those used

to insert the implants are sham controls.

The incidence of subcutaneous tumors will be compared among dose

groups by using a Cox proportional hazards (CPH) model. These types of models take into
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account not only the total incidence of tumors but also the times at which the tumors occur in

order to obtain more power to test for statistically significant differences and to provide

additional insight into the process of carcinogenesis. The relative risks estimated from the

model for comparing DU to an inert metal in the rat are toxicity ratios of the two materials

that will then be applied to humans using the observed foreign-body toxicity of inert metals

such as SS. Because of the limited data available on foreign-body carcinogenesis in humans

(e.g., Brand and Brand, 1980), we can only define an upper limit for toxicity. Data from rats

injected with Thorotrast will also be analyzed with a CPH model to understand the role of

radiation dose and provide another comparison with humans.

2. Renal Toxicity of Chronic Uranium Exposure

The specific aims of this study are to 1) determine the time course to

achieve a steady-state renal DU concentration from an implanted DU source and 2) determine

if toxicity is present at the steady-state concentration. In response to earlier reviews, this

portion of the project is restricted to work that will obtain as much information as possible

about the renal toxicity of DU in the animals that have implanted foils and are held for long

periods. Accordingly, the scope of these studies is limited.

A pilot study of animals (implanted with DU foils) is being conducted

to determine if the urinary excretion of U from implanted DU foils is sufficiently high enough

above background to detect (Table 1). If elevated U concentrations can be detected in the

urine, similar analyses will be conducted on a subset of animals in the carcinogenesis study.

Urine and renal concentrations of U and renal toxicity tests would be conducted on the rats in

the carcinogenesis study sacrificed at 1, 3, 6, and 12 months after implantation of DU foils.
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Rats that are sacrificed are being examined for lesions, with particular

attention to the urinary system. Kidneys are being examined histologically for lesions related

to U toxicity. Tubular necrosis involving primarily the pars recta has been described in rats

5 days after injection of relatively high doses of uranyl nitrate (Haley, 1982). At 8 weeks

after injection, focal necrosis of proximal tubular cells were noted (Haley et al., 1982).

Tubular regeneration began 1 week after injection, and by 2 months a majority of the tubules

had regenerated. Thus, renal tubular lesions will be characterized in the DU rats for

comparison with these previous reports. U content in the kidney and remainder of the carcass

will be determined.

Laser phosphorimetry (Chemchek Model KPA- 11) is being used to

analyze tissue and urine samples for U. Prior to the U assay, all biological samples are

dissolved by a combination of high temperature ashing (550 0C) and acid digestion (HNO3 +

H20 2) using standard Inhalation Toxicology Research Institute (ITRI) methods. The method

permits measurement of trace concentrations of U in complex solution mixtures. Experience

at ITRI with the KPA-1 1 indicates a practical limit of detection for U(VI) of about 0.05 l1g/L.

This sensitivity should be adequate for measuring the U concentrations in both tissue and

excreta samples for these studies.

B. Results

The first year of the project has been devoted to discussions and evaluations of

the experimental approaches with consultants, rigorous evaluation of the experimental design,

preparation of necessary protocols and obtaining the DU in the form necessary for the chosen

approach. It has taken longer and cost more for the DU than originally anticipated.
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A key feature of the experimental approach is based on the early work of

Gerhard Brand, MD, and his colleagues (Brand et al., 1975). Their work identified the

important factors in inducing foreign-body carcinogenesis in rodents. Because of this work,

Dr. Brand was contacted to consult on the project. Although semi-retired, Dr. Brand is still

active and presented a seminar at the ITRI in March of 1995. His observations on the

original experimental approach were invaluable.

In June 1995, Dr. Hahn visited AFRRI to discuss mutual interests in studies of

DU toxicity. In preliminary studies in mice at AFRRI, intramuscularly implanted DU + .75%

titanium (DUTi) pellets (1 mm in diameter x 2 mm length) were shown to be more soluble

over a 60 day period than anticipated. The surface of the DUTi pellets became "rough," and

the tissue capsule that formed around the pellets adhered to the DU. In contrast, tantalum

(Ta) pellets (used as an inert control metal) remained smooth, and the surrounding tissue

capsule could be readily separated. If dissolution alters the physical characteristics of the DU

foils to be used at ITRI, it will be necessary to reconsider the approach to determine the

relative carcinogenicity of DU fragments compared with nonradioactive inert metal fragments.

It has been demonstrated that the surface characteristics of implanted materials are important

in foreign-body carcinogenesis in rodents (Brand et al., 1975). Smooth surfaces appear to be

essential for a foreign body to be carcinogenic in rodents. Therefore, if the surface of the DU

foil to be used in the carcinogenesis study is altered in the rats and mice or if the foils

dissolve in a matter of months, the long-term consequences may be changed from that

expected based on the foreign-body carcinogenesis model in rats.

Based on these discussions and other new information, the following changes

were made in approach:
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Pilot Study

- BALB/c mice were added as a test animal (in addition to F344 rats)

- DU + .75% Ti foils were added to compare solubility and durability

with DU foils

- An in vitro solubility test was included to compare DU and DU + .75%

Ti

Primary Study

- Exposure groups were added to emphasize the concept of initiation and

promotion in the experimental design

- Minced foils were used, rather than foils of reduced size

- Ta was used in place of SS as inert metal

A flow chart showing the revised studies and decision points is shown in

Table 1.

The original pilot study to investigate the urinary excretion of U from

embedded DU foils was altered to include two species (F344 rats and BALB/c mice) to

determine changes in surface characteristics of the foils and the histologic responses to

implantation. BALB/c mice were added because this strain develops subcutaneous neoplasms

in the shortest time after implantation (Brand et al., 1977). In the original proposal only rats

were included because of the interest in U effect on the kidney, work previously done

primarily in rats. DUTi foils were added as test materials because this is the alloy actually

used in penetrators and is the material being used in studies at AFRRI. The potential exists

for differences in solubility between DU and DUTi.
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The experimental design for the revised pilot study is shown in Table 2. The

stability of the foils is being determined by the loss of foil weight during the study, the

transfer factor from the implant site to the kidney, and the condition of the surface of the

removed foil. The histologic reaction is being graded for relative amounts and character of

inflammatory cell infiltrate, and amount and character of fibrosis.

The urinary excretion of U and concentration in the kidney are being

determined, as noted previously in Experimental Methods. Results of this study will

determine the stability of the DU and DUTi foils in the subcutis of both rats and mice and

document the amount of urinary excretion of U. At the same time, in vitro studies on the

solubility of DU, DUTi and U will determine and further document any differences in

solubility.

Taken together, the results will be used to determine which foils and species

should be used for the primary initiation/promotion carcinogenesis study. If there is break-

down of the foils or a continued inflammatory response to the foils in both species, a

bioassay approach using intramuscular implantation will be used.

The experimental design for the primary experiment has been revised. As in

the original proposal, it is based on the model of foreign-body carcinogenesis in the subcutis

of rodents. The design has been modified to emphasize the idea of initiation and promotion

coming from work on foreign-body carcinogenesis (Brand et al., 1975; Moizhess and

Vasiliev, 1989). In this model (Table 3), an initiation event occurs within 1-4 months after

foreign body implant. At this time preneoplastic cells (as determined by a series of transplant

experiments and use of marker chromosomes) are present on the surface of the foreign body.

If a fully carcinogenic foreign body is removed before 3.5 months, no neoplasm develops.
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The initiation is followed by a promotion stage in which a distinct fibrous capsule is formed

around the foreign body, and the preneoplastic cells proliferate. After about 4 months

neoplastic cells appear as clonal cells which are transferrable to another host. However, these

transferred cells will not continue to proliferate without a promoting stimulus such as a

foreign body. The presence of the foreign body, is important in perpetuating the foreign-body

reaction leading to fibrosis. After about 5 months the proliferating cells become autonomous,

creating a neoplasm. However, if inflammation is prolonged by mechanical irritation or

sepsis, the tumor appearance is markedly delayed.

Based on this paradigm, solid materials can be made to be strong

initiators/promoters (e.g., induce a high incidence of subcutaneous neoplasms) merely by

having the proper size and shape (e.g., large, smooth surface area). They can also be made to

be weak initiators or merely promoters by reducing the size and shape as has been done with

relatively inert metals such as silver, plutonium, and gold (Nothdurft and Mohr, 1958). The

key question is whether DU is a weak initiator in this model system like other inert metals or

if it is a strong initiator, making it more hazardous than an inert metal. In rodents we predict,

based on previous work, that DU or Ta in a foil as large as 15 x 22 mm will be both an

initiator and promotor (Table 4). In a subcritical size (in a minced form), Ta should be only

a promotor. We do not know the capabilities of DU in a minced form but if it does cause

neoplasms by itself, then it is an initiator and promotor. If it causes neoplasms with minced

Ta or more neoplasms when combined with Ta foils, it is a strong initiator. In this way, we

will determine if DU is an initiator of carcinogenesis.

Thirty animals per group will be used and observed for 2 years; 20 animals

added to each group will be sacrificed at 1, 3, 6, and 12 months after implantation (the
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species to be determined from the pilot study). Sacrifice times were selected based on the

study of Brand et al. (1975) on the stages of foreign-body tumorigenesis (Table 3). At

1 month after implantation, there should be an early foreign-body reaction with cellular

infiltration and proliferation. At 3 months there should be a reactive fibrotic capsule around

the foreign body and phagocytic inactivity. At 6 months there should be a quiescent foreign-

body reaction and phagocytic inactivity. At 12 months the first neoplasms, originating in the

fibrous capsule, should appear. These sacrificed animals will be used to document the time

course of lesions and the intensity of the foreign-body reaction. U concentrations at the

implant site and in the kidney and bone will be determined. Tissue samples from the implant

sites and neoplasms will also be frozen for potential future molecular biology studies.

The animals on 2-year study will be observed at least twice daily and moribund

or terminally ill animals euthanized. Once a week, surgical sites will be palpated for

evidence of inflammation or onset of tumors. All surviving animals will be sacrificed once

90% of any one group has died or at 24 months, whichever occurs first. A complete

necropsy will be performed with examination of all organ systems, paying special attention to

the implant sites and the urinary system. Histological examination will be routinely

performed on the implant sites, including site neoplasms, gross lesions that are potential

metastases, and the kidneys. Neoplasms at the implant sites will be characterized with light

microscopy and immunohistochemistry. Ultrastructural studies of the tumor cells have

implicated a pluripotential mesenchymal cell type possessing morphologic characteristics

consistent with cell types of the microvasculature as the preneoplastic parent cell (Johnson

et al., 1973). Thus, cell identifications will focus on endothelial cells, smooth muscle cells,

and pericytes.
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Concurrently with the initiation-promotion experimental protocol, a second,

more conventional, carcinogenesis bioassay study using intramuscular injection of wires will

be conducted (Furst, 1981). The experimental design for this study is shown in Table 5. DU

wires (10 mm x 0.5 mm diameter) will be embedded in the thigh muscles of F344 rats. Two

doses of 1 or 5 wires will be used. As positive controls, Thorotrast (a colloid thorium

dioxide solution) will be injected intramuscularly. As negative controls, SS wires will be

injected. The specific activity of the solution is 80 pCi/g and has been used in previous

studies at ITRI (Guilmette et al., 1989). These animals will be held for 2 years in a manner

similar to the previously described study.

This protocol most closely mimics what is seen in the exposure of the Gulf

War veterans to DU-containing shrapnel. This is a simple, straightforward approach;

however, little work has been reported that can be used for a basis of comparison using such

a route of exposure.

III. CONCLUSIONS

The initial year of the project has been devoted to discussion with consultants on the

experimental approach, rigorous evaluation of the original experimental design, preparation of

necessary protocols and approvals, and locating a source and obtaining DU foils.

These evaluations have focussed on the experimented design and laid the ground work

for an active second year of the project. The necessary foils for the pilot study are to be

delivered in February 1996. It is anticipated that the pilot study will be completed and the

primary initiation/promotion study and the carcinogenesis bioassay study will be initiated in

the second year.
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V. ADDENDA

1. Acronym and Symbol Definition

CPH = Cox proportional hazard

DU = Depleted uranium

DUTi = Depleted uranium + .75% Titanium

ITRI = Inhalation Toxicology Research Institute

SS = Stainless steel

Ta = Tantalum

U = Uranium
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Table 1

Flow of Studies and Decision Points

Pilot Study of DU or DUTi Foils in Subcutis of Rats or Mice

Effects Solubility

"* Foils break down 0 Foils soluble

"* Foils initiate intense, protracted • U detected in kidney
inflammation

Yes No Yes No

Initiate Initiate Initiate Delete
Carcinogenesis Initiation/promotion U analysis in U analysis in
bioassay study carcinogenesis study carcinogenesis study carcinogenesis study

23



Table 2

Experimental Design for Pilot Study

To be sacrificed at 30 days To be sacrificed at 60 days

DU DUTi DU DUTi
Rodent foils foils Ta foils foils Ta Total

Rats 5 5 4 5 5 4 28
(F344)

Mice
(BALB/c) 5 5 4 5 5 4 28

Total 10 10 8 10 10 8 56

A. Urine sampling for U analyses:

1. Number of animals: DU rats = 3; DU mice = 3; DUTi rats = 3;

DUTi mice = 3; Ta rats = 3; Ta mice = 3.

2. Sampling times: 1 week of acclimatization in metabolism cages.

DU/DUTi animals: 24 hour samples collected on days -2, -1, 1, 2,
3, 4, 7, 14, 21, 28, 35, 42, 49, 56, and 60 (15

sampling times).

Ta animals: 24 hour sample collected on days -2, 7, 14, 28, 35

(5 sampling times).

B. Total urine samples: DU animals 90; DUTi animals 90; Ta animals 30 (n = 210).

C. Tissue samples (kidney and eviscerated-depleted carcass) for U analyses:

1. DU: rats 10; mice 10.

2. DUTi rats 10; mice 10.

3. Ta: rats 8; mice 8.

4. Total tissue samples = 56.
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Table 3

Stages of Foreign-Body Carcinogenesis in the Subcutis of Rodentsa

Timing (months Morphologic Cellular Neoplastic Carcinogenic
after implant) Observations Progression Stage

0-2 Acute foreign-body Preneoplastic "parent" Initiation
reaction-inflammation cells present in capsule at

1-2 months.

2-4 Subacute foreign-body Preneoplastic clonal cells Initiation
reaction-fibrosis with present in capsule
distinct capsule initially then on foreign

body

4 Chronic foreign-body Preneoplastic clonal cells Promotion
reaction-quiescent fibrosis transferrable but foreign-

body presence required

5-24 Chronic foreign-body Neoplastic clone cells- Promotion
reaction-and sarcomata autonomous

aBased on Brand et al., 1975 and Moizhess and Vasiliev, 1989.
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Table 4

Experimental Design for Initiation/Promotion Study

# of Animalsb Phenomenac
Subcutaneous
Implanta Longevityd Sacrificee Initiation Promotion Neoplasia

DUf (minced) 30 20 ?

Ta (minced) 30 20 0 + 0

DU (minced 30 20 ? + ?
+ Ta

DU (foil) 30 20 + + ++

Ta (foil) 30 20 + + ++

Du (minced) 30 20 +? +? ++??
+ Ta (foil)

30 20 + + ++
(sub Q)

Sham 30 10 0 0 0

aFoils = metals - 5 x 22 x 0.2 mm; minced = foils cut into 10 pieces.
bSpecies (F344 rat or BALB/c mouse) to be determined from pilot study.
c+ = phenomenon present; 0 = phenomenon not present; ? = phenomenon presence

unknown.
diHeld for 2 year observation
eHeld for sacrifice at 1, 3, 6 and 12 months.

fDepleted uranium or DU + .75 Ti depending on outcome of pilot study.
gThorotrast liquid (0.1 cm 3) injected subcutaneously.
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Table 5

Experimental Design for Carcinogenesis Study

Exposurea Dose # of Animals

DU wires 1 wire 30
(10 x 0.5 mm diam)

DU wires 5 wires 30
(10 x 0.5 mm diam)

Thorotrast 0.1 cm 3  30

SS wires 5 wires 30

None None 30

alntramuscular implantation
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